Telemetry Subsystem
Jules Junker

17 October 1995

JXJ-1



Real-time Task Distribution
Process Map

Real-Time Server Data Server User Station IST
Decom Decom
Decom
Memory Dump
State Check
COTS COTS COTS

JXJ-2



Telemetry Subsystem
Design Features

The Telemetry Decommutation process runs on the RTS, the User Station,
and the ISTs

* Multicast EDUs can be received on any workstation with no additional
load to the RTS

« Additional users monitoring data do not impact other systems

« Decommutation processes can be adjusted to meet the needs of the
user

- Allows users to selectively decommutate any or all parameters
without affecting the RTS

- User can adjust limit values and EU coefficients
- User can select limit groups and EU conversion algorithms
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Telemetry Subsystem
Design Features (continued)

Decommutation is stream oriented

» Separate decommutation processes are started for each kind of data
(Housekeeping, Health & Safety, and Standby)

Robust design isolates the failure of one stream

» Failure of the Housekeeping stream would not affect the Health &
Safety or Standby streams

Multiple decommutation processes can feed a single parameter server

 Housekeeping, Health & Safety and Standby are separate
decommutation processes that are producers for a single parameter
server

- Housekeeping and Standby produce parameters simultaneously for
the same parameter server

- Parameter server consumer clients can use the same parameter
server if a switch from Housekeeping to Health & Safety occurs
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Telemetry Subsystem
Stream Oriented Interface
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Telemetry Decommutation

The Telemetry Subsystem has 3 components:
Telemetry Decommutation

e Memory Dump

» Spacecraft State Check
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Telemetry Decommutation
Process Context Diagram
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Telemetry Decommutation
EDOS Data Unit

EDOS SERVICE DATA UNIT
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Telemetry Decommutation

706-CD-002-001 Day 2

Object Model

FTTTelemetryConfig

1 of 2

7 myCongRequest - FiTIComgRequest
= SendCOngRequeS (ECONgREquEs) - ECTInT
+ SendConlfigRequest() - EcTint

FiTiTelemetryContoler

Proxy for CMS

> myparameterTable - FUTIParameterTabie
2 myDecom : FiTiDecom
7 2

FTiConfgRequest 7 myConfigRequest : FiTIConfigRequest
“myRequEStType + ECTERUM T ProcessReqUESt) - ECTVaR
myFilename  ECTString +  Initalize()  EcTVoid
myMode + Run) : EcTVoid
myPid : EcTE + Shudown( : EcTVoid

myDerivedupdateRate : EcTint
myPort : EcTint

myEUComersion : EcTint
myEUCoeficients]) : EcTFioat

Recene() : ECTVoid
GetRequesiType() : EcTEnum
Sting

etEUConversion() : EcTint
‘GetEUCoefiicients() : EcTFioat

FoGnTimSourcell

TyBUTerS e - ECTI
mySteam - sream
myTimeoutinerval :EcTint
myListenPort - EcTint
myBufferPt : EcTChart
myDmSEventPy - EcTSiring*
‘myBuer : EcTChar

ReceweData() : EcTint
GrabBis(offset length) : EcTInt

FTIEd

myPacketSeqNo — EcTint
myPacketApid : EcTint

myArchiveFlag : EcTint
myHeaderFlag : EcTint

GerCHicamio) - EcTin

ReceiveData() : EcTint

Verity) : Ectint
GrabPacketDataits(offset lengih) : EcTint
SetarchiveFlag(inArchiveFlag)  : EcTVoid
GetArchiveFlag() : EcTin
SetHeaderFlag(inHeaderFlag) + ECTVoid
GetHeaderFlag()  EcTint

FaArTImATChPToRy

T send)
+ receie() int

I

[ moNmPackemiap - Eerme |
7 mypacketMap : FiTIPacketMap®

[ Decom(const anparamerertabie) - EeTimt |
WiiteDatabase(char *Filename) - - ECTVoi
ReadDatabase(char “Filename)  : EcTVoid

FTiDecom

FiTiPacketap
TyParanap - FUTParamap

myEdu  FTIEG

myParameterTable : FTlParameterTable&
myNumPacketParams : EcTint

DRCOm(CONST &myEQt, const EmyParameierTabie)

0

?

FiTiParamMap

yEdy + FTIEGE.
myParameterTable : FTIParameterTabled

Decom(const &myEdy) - EcTVoR

continued
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Telemetry Decommutation
Object Model (2 of 2
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FtTIParameterTable

5 )

myParameters[TICMaxNumParameters] FtTIParameter

myStatus : EcTint

continued

FE R R R E b b

ReadDatabase(*Filename) ECTVoid
WiiteDatabase(*Filename) EcTVoid
GetActiveflag(inPid): EcTint
SetQuality(inPid, inQuality) EcTVoid
GetQuality(inPid): EcTLong

GetConvertedValue(inPid) EcTDouble

GetDecodedValue(inPid) EcTLong
GetRawValue(inPid): ECTLong
Update(inPid, inRawValue) ECTVoid

GetCurrentvalue(inContextPid) EcTFloat
SetLimits(Pid, Groupld, Type) FtTILimits

FiTIParamMap

?  myEdu : FTIEdu&
? myParameterTable: FtTIParameterTable&

+  Decom(const &myEdu) EcTVoid

FtTIContextSwitch

‘myCurrentValue: EcTDouble
myContextPid: EcTint
myLoValue: EcTDouble
myHiValue : EcTDouble
*myContextPtr: FtTIParameter

RIS

+

‘Compare(Type): EcTBoolean
Compare(&ContextQualityy EcTint

+

1
update by FtTIContextDepMap

7 myNUmSwitches: EcTInt

2 myDecomC FtTIDecomC

T D &myEdu, const TableECTInt

FtTIRawMap
7 myPid  EcTint
?  myRawValue: EcTLong FtTIDecomContextSwitch
?  myTargetParameter: EcTLong 7 myEdu : FUTIEAU
2 *myC FATIC ? myParameterTable: FtTlparameterTable
2 myFirstBit : ECTnt _dﬂew"e“_ 2 myRawMap: FtTIRawMap
2 myFirstBitOffset: EcTint
T D &inEdu, const TablelECTInt
+ Decom(const &Edu, &myParameterTable)EcTInt
+  GetPid() : EcTint
128
FtTIComponentMap

7 mySourceBitOffset: EcTint
2 mySourceBitLength: EcTint
2

myTargetBitOffset: EcTint

+ 4

'Decom(@myEdu, &myTargetParameter) ECTVoid
GetFirstBitOffset(): EcTint
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Telemetry Decommutation
Operational Data File Generation

Generate Operational
Data File (ODF) o
from the database Load file into

Decommutation Process
Memory
Operational d
Database
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— Adjustments

Decommutation
Memory

Generate Config
Snapshot File (CSF)
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Telemetry Decommutation
Key Features

Telemetry decommutation is database driven
» Operational data file is generated from the database
- Reflects the two main branches of the decommutation model
Parameter mappings
Parameter processing

 The operational data file is generated once to be used every time the
decommutation process is started

« All parsing of the operational data file is performed at generation time
to reduce start-up time

 The process can write out a config snapshot file for:
- Mirroring the decommutation process
- Saving the current decommutation settings for later use
Scalable design allows for resizing to a larger or smaller scale
« Telemetry decommutation is scalable through database modification

- Can add or subtract parameters, limits, coefficients, and derived
parameter equations
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Telemetry Decommutation
Key Features (continued)

Capable of dynamically adjusting current values of limits and EU
algorithm coefficients loaded from the operational data file

Selective decommutation

Can be selected on all parameters, a predefined group of parameters,
or a single parameter

Dynamic selection at the user’s request

Adjusting selective decommutation does not require a database
change

Maintains a count of selected derived equation dependencies to
determine if the parameter is selected for decommutation

Exponential EU Conversion (AM-1 specific)
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Decommutation:
Derived Parameters Recalculation

Compare
Time for
Recalculation

o/ Enabled

Parameter 1 I

Cosine((Parameter 1 + Parameter 2) * Parameter 3)

Parameter 2

CCSDS +
Spacecraft
CI_OCk Parameter 3
Time
*
Cosine
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Decommutation:
Derived Parameters Key Features

Evaluation interval for recalculation is based on the spacecraft clock time
extracted from the CCSDS secondary header

« Uncouples the recalculation rate from the line transmission rate
Selective calculation of derived parameters

» Derived parameter processing can be enabled or disabled for all
derived parameters

* Derived parameter processing can be individually enabled or disabled
 When derived parameter processing is enabled
- Other derived parameters used in the equation are enabled

- Decommutated parameters used in the equation are selected for
decommutation
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Decommutation: Derived Parameters
Key Features (continued)

Equations implemented in Reverse Polish Notation (RPN)
* Precedence implied by order of elements
 The database is in standard notation
- The operational data file is parsed from the database into RPN
- Pre-parsing gives a performance increase during run-time
* Virtual functions allow easy expansion of additional operators
 Handles unary and binary operators

706-CD-002-001 Day 2 JXJ-16



Decommutation Parameter Table
Object Model (1 of 2

FtTiStatus.

RwHashDictionary

T “myStats : EcTChar
+  myStawsType : StatusType
+ Set(nStatusType, *inStatus) : ECTVpid
+ Gel(inStatusType) : EcTChart FrTiParameterTable -l
RuCollectable > myParameters[TICMaxNumParameters] - FiTlparameter
2 myStatus : EcTint
T ReadDatabase(*Filename) - ECTVoId
+  WriteDatabase(*Filename) : EcTVoid
+  GetActiveflag(inPid) : EcTint
FiTParametervalues + SerQuality(inPid, inQualty)  : EcTVoid
+  GetQualty(inPid) : EcTLong
2 myPid : EcTint +  GetConvertedvalue(inPid) : EcTDouble
2 myRawvalue : EcTLong + GelDecodedValue(inPid) : EcTLong
2 myDecodedvalue : EcTDoufle +  GetRawValue(inPid) : EcTLong
2 - EcTDofble +  Update(inPid, inRawValue) : EcTVoid
2 *myMnemonic : EcTChar + GetCurrentValue(inContextPid) : EcTFloat bounded by
2 myFirstBitOffset : EcTInt +  SetLimits(Pid, Groupld, Type) : FtTILimits
? myStatus : FtTIStatus
?  myQuality : EcTLon:
? mySubSystemid : EcTLong FtTITelemetryController
T GetRawvalue() : EcTLong 2 myParameterTable : FTIParamdgerTable
4+ GetDr ) :EcTDible 2 myDecom : FtTIDecom
FiTIDeltaLimit + Getconveredvalue) : EcTdouble 2 myD p :FiTiferived p
> myDelta : EoTit + GetQuality() : EcTLong 2 myConfigRequest : FTIConfigR§quest
?  myPreviousRawValue : EcTljong + GetSubSystemld() : EcTLon} T oo T EoTven
2
; n':;y:;a;“ezuunfmgmm + Iitalize) : EcTVoid
2 mySenselnterval : EcTint : :::gow?()wngiwm
+ Check() : EcTInt FtTIParameter
2 myMnemonic[MaxMnemonicLength +1] - ETChar
2 myDecomFlag : EcTint
2 myActiveFlag : EcTint nnects to
2 myStaticToggle : EcTint parameter server by
2 myNumberOfValues : EcTint
2 myValuesServedFlag : EcTint
E + GetActiveFlag() - EcTint
+  SetActiveFlag(inFlagvalue) : EcTVoid FoPsClientlF
+ GetDecomFlag() :EcTInt
+  SetDecomFlag(inFlagValue) : EcTVoid 7 myAddress 'R‘Q’ICS‘"”Q "
+  SetValuesServedFlag(inFlagValue) : EcTVoid myParameterTable : RWHashDictionary
FiTIDecode *+  Update(inRawvalue) : EcTVoid & RegisterClient(Cid Address, Mode,PidList) - ECTIn|
> myDecodedvalue = EcTLon| +  UpdateValue(inDecodedValue) - : virtual EcTVoid +  UpdateParameters(PidBuffer) : EcTVoid
yDeco +  SetDecodeValue() : EcTVoid P
- decodes mmmmmmm] +  Convertvalue() : EcTDouble *+ UnregisterClient(Cid) : EcTVoid
T Decode(nRawvalue) - i ECTVor : 4+ Updatelnterests(Cid,PidList) : EcTint
+ Decodevalue) . FerLong +  SetQuality(inQuality) : EcTVoid
+  SelectDecom(Mode) : EcTVoid
+  SetDeliaLimit(Value) : EcTVoid
+  SelLimits(Groupld, Type, Direction, Value) ~ : EcTVdd
+  GetLimits(Groupld, Type) : FtTILimits

continued
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Decommutation Parameter Table

706-CD-002-001 Day 2

Object Model (2 of 2

continued

continued
FrLmitser

T D e

27 &myCurentGroup:

7 Crmbomdyorons. T

myMaxGroups: EcTint

e Groupd, LIMTYpeY FITMIE
Setiis(Groupd Umiype, Drecton, Value) <7
up(&ir up) Type
Seroumiaycrosp(ansaecedion Tbe
Check(inValue, myLimitStatus) EcTint

o

FeTiConexswiich
TyCUMenVae: ECTOOUbE
myContextPid: EcTint

“myContextPt FTIParameter
[~ Comparetrype): EcTBooean |
Compare(&ContexiQualty): EcTit

FiTiParameter

FiTiDiscreteParam

o
myLimitStatus: Status?
&myDeltaLimit: FTIDeltaLimit
“myDeliastatus: ECTChar

17

TySEs | ECTSIg

myValue : T

mComexucn: T CotexSuich<Type>
ing

foimveririioy
myLimistate : ECTSting

mySenseCount: EcTint

_Au,u_smwuuavye_mummw_mmaryc_wup)Tyne'l
FindGroup( : ECTi

GeCuroniaie): EcTsting
GetLimits(LimitType): FTiLimits
Setinis(UiTyps,Diecion, Valve) EcTVeid
Check(myValue, &inLimiStatus} Typs

FTiBoundar/Group

i FTIParameterContextswitch

K TEETHE

Updatevaie(mbecoseavale) it EcTvoid

FTiConversionsel

"yComversions. FITIEUConversi

amyCutenicomersr: FTE.Conirson
maConersons

e cer
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Comriinbacodedvaoe &mEuSlsm:) vwlua\ Eeroou
SelectConversion(Conversionld). E
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FiTlAnalogParam

(TIEuConversion

amyContextSwach: FTContexSwich
myEul

et
NewCosfidnts: EcTFloat

FTiLimits.

mpare() - ECTInT

“RASICUTENICOEMCeNIS{ TINEWC OBcents) Wriuaf ECTVoid
‘Convert(inDecodeValue, &inEuStatus) viual EctDofble
SetCoeffcient(Coeffcient, Value virtual Ectvoid

FTIExponentalConversion

TYEWVaE ECTDOWDIE
S TCIm

e EcTCrar
mybmiSias: St
mGomrsonse. b Gamversionset

UPOaIEVaINE(NDSCoREaVaIVE) VrTUal ECTVor
etComersionCanversan FTEuConuersion
SelectConversion(Conversiond} E
SeComersonComersons Cosfcn vaue) EcTV]

FTiLineConversion

e ECTrY
7 *myNewCoefficients: EcTFloat
2 *myCoeffients: EcTFloat

T yCuenL NS egment ECTI
7 myLineSegments: FiTILineSegment

SetCosficient(Coefiicient, Value) Ectvoid
Convert(inDecodedValue, &inEustatus) EcTouble

FiTIPolyConversion

TVaE - STyD
myStatus : ECTString
mImTypo: EcTStng
mykivalue

Tovalve. <Typer

ChecK(myValue) ECTSumg

Q T
2 *myCoeffcients: EcTFloal

[ AdusCunentCoemeent Ad’uleuvrEnlCwEYlvclenls(‘_vnNewCuemmeMS)E_cl'\/
+ ni(Coefi
T Comen(nbessieaue Ankobians) EeTooube

Troar

cient, Value) E

SetLovalue(Value): EcTVoid
Sethivalue(Value): EcTVoid

FiTlLneSegment
XL ECTFoa

2
83830,
H

de
yarenSegmentag. eri

[ Computesiopemtercept) ECTvlid
+ Check(inDecodedValue): EcTInt
+ Convert(nDecodedValue). EcTifouble
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Decommutation: Engineering Unit
Conversion Key Features

Allows the user to select and adjust the coefficients of the conversions

Maximum number of polynomial coefficients and line segments are database
defined

« Allows for easy changes of the maximums
Scalable design for adding new algorithms through use of virtual functions
Converts an analog parameter’s value

» User selected or context dependent selected conversion algorithm

« Multiple EU conversions (up to the database defined maximum) per
parameter in any combination of the supported conversion types

Analog parameter EU conversion supports:

* Polynomial algorithm (Yy=Cp+Cix+Cux2+ ..+ Cyx7)

- Segmented polynomial using context dependent EU conversion
e Line segment algorithm (y=mx+Dhb)
« Exponential algorithm (y=Co+ Crecy0)

Updates parameter object with EU converted value
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Decommutation:
Limit Checking Key Features

» Delta and boundary limit checking on analog and discrete parameters

« Multiple boundary limit groups up to the database defined maximum
(which is currently 4) per parameter

- User selected or context dependent selected
- Each group contains multiple ranges
LoRed, LoYellow, HiYellow, and HiRed limits

New ranges (e.g. LoRail and HiRail) can be added via the
database

- Number of groups are adjustable via the database
» Users can adjust the limit values
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Telemetry Decommutation

Descrigtion

PART 1: Extraction of the raw value from the data stream
« Data ingestion
- EDUs from EDOS or DMS (replay)
- CCSDS packets from DMS
Archive instrument engineering telemetry in CCSDS packet form
Not required for AM-1
» Extracts the raw value for processing in part 3
PART 2: Calculation of derived parameters is based on parameter values
» Calculates a value on a timed interval for processing in part 3
PART 3: Processing the parameter value
 EU conversion
» Range and delta limit checking
* Forwards parameter values to the parameter server
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Memory Dump

The Telemetry Subsystem has 3 components:

* Telemetry Decommutation
Memory Dump

» Spacecraft State Check
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Memory Dump
Process Context Diagram

DMS

Event
Initialization, Handler
Archive ON/OFF, /
Kill-Dump-Process Message

Event
Messages

~

Start-Dump DMS
Message, Memory File
— >
Abort—Dump :::)ll'lmp Manager
Message ne
EDU
EDU
~ ™

EDOS
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Memory Dump Data Flow

Memory
Dump
Process

Dump
Storage File

Multicast

EDUS Memory Dump

EDUs

@ Archiving Enabled

Archiver
Process
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Memory Dump Key Features

The memory dump session can be started anytime before memory dump
data is downlinked

« Memory dump session is started upon the receipt of a start-dump
message from the command subsystem

« After a memory dump session is started, the process recognizes and
generates an event message when the actual memory dump data
starts and stops

- Start of memory dump is recognized when the embedded RT
address is not 31 (AM-1 specific)

- End of memory dump is recognized when the dump count is
satisfied

A memory dump session can be aborted
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Memory Dump Key Features
(continued)

Collects and stores the contents of downlinked spacecraft or instrument
computer memory dumps in a local memory dump storage file

* The file contains memory dump EDUs (those whose embedded RT
address is not 31, AM-1 specific)

 The file is forwarded to DMS when a memory dump is complete
- CMS can retrieve the file immediately for processing

Easily expanded to allow memory dump processing of replayed telemetry

Shares the EDU handler class with telemetry decommutation
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Memory Dump Object Model
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Memory Dump EDOS Data Unit

AM-1 EDOS Data Unit Format

EDOS SERVICE HEADER

EDOS SERVICE DATA UNIT
(CCSDS Telemetry Packet)

- L

Quality CCSDS

and Primary

Packet

Accounting
Header

6 Octets

706-CD-002-001 Day 2

CCSDS Packet Data

CCsDs
Secondary
Packet
Header

9 Octets

Remote
Terminal
(RT)
Address

8 Bits

Number
of 16 bit
data words
in this
dump
data unit

16 bits

Dump Data
followed by don® care
(if required)
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Memory Dump
State Transition Diagram

/ FtTIDumpController \

Spawn Process/
Initialize Interfaces

Cleanup Completed/
Exit

Awaiting

Cleanup and
Message

Kill?Dump?Process Message Received/
Send "Killing Dump Process” Event Message

Start?Dump Message Received/
Open Dump Storage

Abort?Dump Message Received/
Close the Dump Storage and
Send "Dump Aborted” Event Message Data?Timeout/
Close the Dump Storage and
Send "Dump Timed Out’ Event Message

Dump?Word?Count Fullfilled/
Clode the Dump Storage and
Send "Dump Completed” Event Message

Kill2Dump?Process Message Received/
Close Dump Storage and
Send "Killing Dump Process” Event Message

Dump
Mode
Dump Data Received

Dump Data Verified/
Store the Edu and

Decrement the Dump Word Count Non?Dump Data

Received

Dump Data Failed Verification/
Drop the Edu

\_ )
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Memory Dump State Transition
Diagram Description

« The Memory Dump process goes into the Awaiting Message State after
process initialization

« Awaiting Message State:
- When a Start-Dump message is received:
A dump storage file is opened
The Start-Dump message is written to the dump storage file

Dump word count is initialized from information in the Start-Dump
message

The process moves into the Dump Mode State
» Dump Mode State:

- When dump data is received (i.e., the embedded RT Address is not
31) the process moves into the Verify Data State.

- When the dump word count goes to zero or a data-timeout occurs or
an Abort-Dump message is received:

The dump storage file is closed and sent to DMS
The process moves into the Awaiting Message State
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Memory Dump State Transition
Diagram Description (continued)

» Verify Data State:

- Performs a sequence check and generates a sequence error event
message if out of sequence

- If the data’s APID does not match the expected APID, or if the data’s
packet length does not match the expected packet length:

The EDU fails to verify and it is dropped
The process moves back to the Dump Mode State
- If the dump data verifies:
The dump data is written out to the dump storage file
The dump word count is decremented
The process moves back to the Dump Mode State

« Anytime a Kill-Dump-Process message is received the process goes
into the Cleanup and Exit State to shutdown the process
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Spacecraft State Check

The Telemetry Subsystem has 3 components:
» Telemetry Decommutation
e Memory Dump
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Spacecraft State Check
Process Context Diagram

CMS
Ground
Scheduler
Expected
Request
Tabl
State Table Expected State
Table _
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Manager

DMS
Event
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Spacecraft State Check
Key Features

Verify that the condition of the spacecraft at start of contact is the same as
the predicted condition using expected back orbit command execution

Expected state table is dynamically generated by CMS on request from
ground scripts or by the user

» Typically generated for each scheduled spacecraft contact
« Contains:
- List of telemetry parameter identifiers
- Expected decoded value of each parameter
Permits state check request prior to spacecraft contact

* Process waits for the decommutation of a full master cycle before
state check or baseline is executed

Provides a mechanism to recheck condition anytime during contact
» Typically after a baseline has been performed

Baselines current telemetry values into expected state table
» Values in the expected state table replaced with current values
» State check can be performed on this new expected state table
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Spacecraft State Check

Expected State

CMS

Loads >
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Baselines
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Expected
State
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Current
Telemetry
Values
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Spacecraft State Check
User Directives

Load state check service
» Passes load request from FUI to CMS

« CMS dynamically generates expected state table and supplies it to
spacecraft state check

Baseline state check service
» Replaces values in expected state table with current telemetry values
Perform state check service

« Compare current telemetry values retrieved from the parameter server
against the expected state table

» Generate event message for each miscompare
» Generate summary event message at end of state check
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Spacecraft State Check
State Transition Diagram
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Spacecraft State Check State
Transition Diagram Description

The State Check process goes into the /dle State when initialization is
complete

Idle State

« Acquires expected state table from CMS when Load Table request is
received and moves to Ready State

Ready State
* Determines request type (state check or baseline)
» |f request is baseline, moves to Verify Master Cycle State

- When verification is done, replaces expected state table with
current telemetry values

» If request is a state check, moves to Verify Master Cycle State
- When verification is done moves into Do Check State
 When a Kill-Process is received, the state check process exits
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Spacecraft State Check State
ransition Diagram Description

e (7o 11113 =T —

» Verify Master Cycle State

- Verifies the decommutation of a complete master cycle before
initiating state check or baseline request

- If baseline request:

Replaces values in expected state table with current telemetry
values

Process returns to Ready State
- If State Check request:
Moves to Do Check State
Do Check State

- Compare values in expected state table with current telemetry
values

- Generates event message for each miscompare

- Generates summary event message at end of state check
- Returns to Ready State
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